The objectives were to (1) investigate the effectiveness of hair cortisol concentration (HCC) as a measure of long-term stress in beef cattle and (2) determine whether meloxicam would decrease postcastration stress. Bull calves on two farms [site 1: Hereford cross (n = 73); site 2: Black Angus (n = 85)] were assigned to three treatments: (1) surgical castration with saline (CS, n = 52), (2) surgical castration with meloxicam (CM, n = 54), and (3) sham castration with saline (S, n = 52), balanced for age. Hair was collected from the left hip on day 0, prior to castration, and day 14, after 2 wk of regrowth from the day 0 location. Standing time was recorded on 129 calves (CS = 47, CM = 42, S, = 40) from 0 to 7 d post castration. On day 14, CS calves had 13.8% greater HCC than S (P = 0.031) and tended to be higher than CM calves (P = 0.095); CM and S calves did not differ. Standing time did not differ between treatments. Lower HCC in CM compared with CS calves indicates that meloxicam may be effective at reducing postcastration stress. With differences between treatments, HCC shows promise as a technique for measuring long-term stress in beef cattle.
Introduction
Measuring hair cortisol concentration (HCC) is a relatively noninvasive method for assessing hypothalamicpituitary-adrenal (HPA) axis activity across species, making it an attractive research tool for assessing HPA axis activity in a variety of wild and domestic animal species (Koren et al. 2002; Davenport et al. 2006; Accorsi et al. 2008; Macbeth et al. 2010; Moya et al. 2013) . The technique has potential application for identifying stress over several days to months (Meyer and Novak 2012) compared with plasma and salivary cortisol which require multiple collections to measure glucocorticoids over time. Serum cortisol in beef cattle, within the body, has a relatively short half-life because it is quickly metabolized (Dunlap et al. 1981) . By comparison, cortisol is stable within the hair shaft for months to years (Cone 1996; Pragst and Balikova 2006) , facilitating retrospective analysis. Although the exact mechanism of cortisol incorporation into the hair shaft is unclear, diffusion of cortisol from capillaries surrounding the follicle bulb to follicular cells is the leading theory for cortisol deposition into hair (Henderson 1993) . There are additional suggested pathways for the inclusion of cortisol into the hair shaft including contamination via sweat and sebum secretions (Pragst and Balikova 2006; Russell et al. 2014) and cortisol production occurring locally within the hair shaft (Sharpley et al. 2009; Salaberger et al. 2016) . It is suggested that the skin contains the necessary pathways and feedback to produce cortisol which is then included into the hair shaft (Ito et al. 2005) , and this has been observed in sheep (Salaberger et al. 2016) . When using HCC as a measure of stress, it is also important to consider that HCC varies by body location with the hip and tail providing the most accurate measure in cattle (Moya et al. 2013) . The ability to monitor HPA activity over a period of weeks to months makes HCC especially beneficial in documenting long-term effects of a procedure. Compared with other methods of measuring cortisol, such as blood and saliva, HCC is not confounded by a rapid release of cortisol (Russell et al. 2012) , due to handling (Moberg and Mench 2000) and venipuncture for sample collection.
The previous studies have validated the technique for detecting cortisol in hair of beef cattle (Moya et al. 2013) , and it has been used to distinguish healthy from physiologically compromised dairy cows (Comin et al. 2013) . However, HCC analysis is a relatively new technique in bovine research and there are multiple variables that need to be taken into consideration when using it as a physiological measure of stress. Variation in HCC has been attributed to hair colour (González-dela-Vara et al. 2011; Burnett et al. 2014) , body location (Moya et al. 2013; Burnett et al. 2014) , age (González-dela-Vara et al. 2011 ) and number of parities (Burnett et al. 2014 (Burnett et al. , 2015 . It is important to recognize and account for these variables when using HCC as an objective tool to measure stress. Using HCC could aid in better understanding the long-term stress associated with routine management procedures in cattle, such as castration.
Castration is a common husbandry procedure performed on beef calves, which promotes a variety of benefits such as decreased aggression and mounting behaviour, resulting in fewer injuries (Tarrant 1981) , improved meat quality associated with increased marbling and tenderness (American Veterinary Medical Association 2015), and preventing unwanted breeding (Stafford and Mellor 2005) . However, castration is a significant stressor due to clinical pain caused by the procedure of either surgical or band castration which injures peripheral tissue (Stafford et al. 2002) . Postcastration inflammation and pain can be so severe it results in production losses (González et al. 2010 ). In addition, bull calves castrated post weaning have increased susceptibility to bovine respiratory disease (Massey et al. 2011) , and are at a greater risk of contracting disease when castrated without administration of the nonsteroidal anti-inflammatory drug meloxicam (Coetzee et al. 2012) .
The Canadian National Farm Animal Care Council (NFACC 2013) was responsible for the development and publication of the National Code of Practice for the Care and Handling of Beef Cattle. It recommends but currently does not require administration of pain control at the time of castration for calves of all ages. Pain control, anesthetics, analgesics or a combination of both are required during castration for bulls over 9 mo of age and will be required in bulls over 6 mo of age beginning 1 January 2018 (NFACC 2013) . Administering meloxicam to dairy bulls from 4-5 mo of age can decrease the pain response to surgical castration for up to 24 h (Olson et al. 2016) . Unfortunately, little scientific evidence is available to show the benefit of nonsteroidal antiinflammatory drugs (NSAID) on young animals at the time of castration, prompting the need for reliable, objective measures of pain, and stress post castration. To address this shortcoming, the objective of this research was to determine the usefulness of HCC in demonstrating HPA axis activity in beef calves from 1-3 mo of age following surgical castration. In particular, it was of interest to determine if HCC changed in a predictable manner following surgical castration and whether HCC responded differently in calves administered meloxicam at the time of castration compared with calves given saline.
Materials and Methods
This work was approved by the University of Saskatchewan's Animal Research Ethics Board and adhered to the Canadian Council on Animal Care guidelines for humane animal use.
Animals
Castration trials were carried out at two separate locations. At site 1 (Goodale Research Farm, Saskatoon, SK, Canada) during June 2014, Hereford-cross bull calves (n = 73) weighing 94 ± 16.5 kg (mean ± SD) were 47 ± 9.6 d of age at day 0 of the trial (Table 1) . At site 2 (Western Beef Development Center, Lanigan, SK, Canada) during July 2014, Black Angus bull calves (n = 85) weighing 88 ± 15.9 kg and 48 ± 11.3 d of age on day 0 of the trial were studied. Per farm site, calves were listed in order of age in days (ascending), divided into groups of three, then randomly assigned one of three treatments, by ascending order based on the treatment randomly selected, starting with the youngest calf in the group. Three treatments included: (1) surgical castration with a subcutaneous injection of 5 mL of saline (CS, n = 52), (2) surgical castration with a subcutaneous injection of meloxicam (CM, n = 54), and (3) sham castrated (S, n = 52).
Study design and data collection
On day 0, all calves were individually weighed on a digital chute scale, released from the scale and then caught and restrained on a tip table and either castrated or sham castrated. Calves in the CS and CM groups were surgically castrated by longitudinally incising the scrotum with a Newberry knife. The testes and spermatic cord were expressed manually, and then an emasculator was applied for approximately 30 s to crush and cut the spermatic cord. Surgical castration was performed by the same two trained persons at both locations to minimize procedural variation. Surgically, castrated calves were given meloxicam (0.5 mg kg −1 BW; Metacam, Boehringer Ingelheim, Burlington, ON, Canada) or 5 mL of sterile saline immediately prior to castration and were injected subcutaneously anterior to the left shoulder at the time of castration. The veterinarian administering the saline and meloxicam kept other researchers blind to which drug was administered. Sham castration was performed in an identical manner to surgical castration with calves placed on a tip table as if they were to be castrated, the testicles handled gently, but the calves were then released without surgical castration. Electric trimmers (Oster Golden A5, Sunbeam Products, Inc.) with a detachable size 40 blade were used to clip a 10 cm × 10 cm patch of hair as close to the skin as possible on the left hip, between the coxal tuber and ischial tuber, of each calf. Hair was collected and stored in dry paper envelopes, at room temperature, in the dark prior to cortisol analysis. Following castration and hair sampling, the entire group of calves was reunited with their dams and moved to pasture for 2 wk. Calves and their dams were maintained on grass pasture and had constant access to water through automatic watering bowls. On day 14, calves were reweighed and restrained in a headgate, and hair samples were collected. The day 14 hair sample was taken from the exact same day 0 sample location (representing 14 d of regrowth) and was collected using the previously described equipment and method. Calves were checked and recorded for the presence or absence of scrotal infection at day 14; scrotal infections were defined as a swollen scrotum with purulent discharge present. In addition, researchers documented whether calves were born to multiparous cows or primiparous heifers, and the parity of their dams.
Calf standing time post castration
A subset of animals (n = 129) were randomly selected, through a random number generator (available from http://www.randomnumbergenerator.com/), to wear accelerometers (HOBO pendant G accelerometers, Onset Computer Corporation, Pocasset, MA, USA). Calves wearing accelerometers (CS, n = 47; CM, n = 42; SC, n = 40) were not balanced for age. Total standing and lying time (min d −1 ) were used as a previously validated behavioural measure of pain following castration because increased standing time (White et al. 2008 ) and statue standing following castration are indicative of castration pain (Molony et al. 1995) . Accelerometers were encased in foam padding fitted to the lateral aspect of the hind leg distal to the hock, as described by Ito et al. (2009) , with Elastoplast wrap (Elastoplast Canada, St-Laurent, QC, USA). The accelerometers were positioned so the x-axis was perpendicular to the ground and the y-axis was oriented parallel to the ground. Data loggers are validated to accurately measure standing time when measured in intervals ≥30 s (Ledgerwood et al. 2010) ; therefore, accelerometers were programmed to record at 100 Hz every 30 s from day 0 to day 7. Loggers were set to automatically commence sampling roughly 3 min following calf chute exit.
Standing and lying time was assessed in minute per day from the data recorded by accelerometers following the protocol described by Bonk et al. (2013) . The degree of tilt on the logger y-axis was the measure of interest with <60°indicating standing and readings of ≥60°i ndicating the calf lying down. Walking and standing activities yield coordinates on accelerometers that are indiscriminate from each other using our criteria; therefore, all positions <60°were considered as standing in this study.
Throughout the course of the study, a total of nine accelerometers were either lost or failed to log data correctly (CS = 5, CM = 2, S = 2). Analysis was performed on the data from the 120 remaining accelerometers. Chute exit speed was recorded on all calves on day 0, following weight measurement and prior to castration at site 1, and post castration at site 2 as a measure of temperament (Vetters et al. 2013 ). More reactive animals have been shown to have faster chute exit speeds correlated with higher serum cortisol concentration ); thus, it was predicted calves in this study with faster chute exit speeds would have higher HCC. Exit speed from the handling chute for individual calves was determined using a Sony Cybershot video camera (Sony, New York, NY, USA). Video was reviewed by a single individual, and exit speed (m s −1 ) was calculated based on the time taken for a calf to traverse a fixed distance (3.05 m) following the release from the weigh scale. In addition, each animal at site 1 only was assigned a chute score on day 0, while in the squeeze chute during weight measurement, to explore the relationship between HCC and temperament (Voisinet et al. 1997) .
Observations were taken by a single observer to reduce variability. Scores were assigned to calves on a 5 point scale from 1 (calm, no movement) to 5 (violently struggling) (Grandin 1993) .
Hair sample preparation
The protocol developed by Macbeth et al. (2010) was followed for hair preparation and cortisol extraction. A subset of hair samples from 106 calves was used for cortisol analysis (CS, n = 40; CM, n = 33; SC, n = 33). The subset of samples used for cortisol analysis was balanced between farm locations and balanced for calf age upon random selection. Of the calves selected for HCC analysis, the majority of them (n = 94; CS, n = 39; CM, n = 28; SC, n = 30) also wore accelerometers. For cortisol analysis, 100 mg of calf hair was loosely separated, and any significant debris removed. Samples were washed three times in 0.4 mL methanol mg −1 of hair and allowed to dry overnight in plastic dishes on the bench top at room temperature. Washed and dried hair samples were ground to a uniform fine powder with a Retsch MM 301 Mixer Mill (Retsch, Inc., Newton, PA, USA) at 30 Hz for 0.03 min mg −1 of hair using 10 mL stainless steel grinding jars with a 12 mm stainless steel grinding ball. Grinding hair into a fine powder is preferential to mincing for maximum cortisol extraction (Davenport et al. 2006) . Ground samples were stored in individual 0.5 mL plastic vials at room temperature until extraction.
Steroid extraction and quantification
Cortisol extraction was performed by immersing 25 mg of ground hair in 0.5 mL of HPLC-grade methanol (EMD Chemicals, Gibbstown, NJ, USA), gently vortexing, and placing on an automatic slow rotator at 18 rotations per min for 24 h. At 24 h, samples were centrifuged (15 min at 4500 rev min −1 ) and supernatants transferred to 12 mm glass tubes (VWR, Radnor, PA, USA).
Supernatants were dried under a steady stream of N 2 gas in a heating block set to 38°C. The extraction step was repeated two additional times to ensure complete recovery of cortisol (Macbeth et al. 2010) . After each collection, supernatants were dried under a stream of N 2 gas. Steroids were concentrated at the bottom of glass tubes using three consecutive methanol washes of decreasing volume (0.4, 0.2, and 0.15 mL) followed by drying under N 2 at 38°C. Concentrates were reconstituted with the enzyme immunoassay (EIA) sample buffer before cortisol analysis was performed with a commercially available EIA kit (Oxford Biomedical, Lansing, MI, USA). The approximate limit of detection of the kit is 0.04 ng mL −1 (Macbeth et al. 2010 ) with a standard curve range from 0.04 to 10 ng mL −1 . The cross reactivity of the antibody used for the cortisol kit according to the manufacturer is cortisol (100%), prednisolone (66.9%), 11-deoxycortisol (58.1%), cortisone (15.9%), prednisone (13.7%), 17-hydroxyprogesterone (5.4%), dexamethasone (4.6%), estriol (4.5%), estrone (4.1%), D-aldosterone (3.6%), progesterone (3.5%), 6-β-hydroxycortisol (3.4%), transdehydroandrosterone (1.9%), testosterone (1.7%), corticosterone (1.4%), and pregnenolone (1.3%). Samples were reassayed if the coefficient of variation between duplicate samples varied by >15%. All assays included a cortisol standard curve to determine unknown cortisol concentrations with values expressed as picogram of cortisol per milligram of ground hair used for extraction.
Statistical analysis
All statistical analyses were performed using commercial software (Stata® 12, Software, StataCorp. LP, College Station, TX, USA). A mixed model linear regression was used to determine any differences in HCC between treatments on days 0 and 14. Variables including calf age (d), whether the dam was a primiparous heifer or multiparous dam, dam age (yr), treatment, chute exit speed (min s −1 ), scrotal infection, and farm/breed were first checked for collinearity prior to inclusion in the mixed model. Primiparous heifer or multiparous dam was removed due to high collinearity with farm/breed. Chute score was unique to site 1 and was excluded from this analysis. Individual variables were screened via bivariate associations with HCC day 0 or day 14, any variable with P ≤ 0.20 was included in a backward stepwise linear regression to determine significant variables in relation to HCC day 0 and day 14. Significant variables were used to build a mixed linear regression model. Risk factors were included in the final model for treatment if they were significant independent risk factors (P < 0.05) or were important confounders. A variable was considered a confounder if removing it from the model changed the effect size for treatment by more than 20%. Interactions were examined between treatment and other variables that remained in the final model and reported if P < 0.05. Factors that were not significant were removed unless considered important to explain variation, such as age. The final model for day 0 included treatment and calf age as fixed effects and farm as a random effect. The day 14 model included treatment and calf age as fixed effects, day 0 HCC as a covariate and farm as a random effect. The chute score data from site 1 were analyzed separately. Scores were categorized into low (chute score = 1), intermediate (chute score = 2), and high (chute score ≥ 3). There was 1 animal scored 4 and 0 animals scored 5, thus scores 3-5 were combined into a high chute score. The relationship between chute score and HCC on day 0 was explored with a linear regression model, including age and treatment as fixed effects.
Chute exit speed was checked for normality using the Shapiro-Wilks test. The relationship between chute exit speed and HCC was examined separately for day 0 and day 14 using the Spearman correlations. Chute exit speed was compared between farm locations using a Wilcoxon-Mann-Whitney test.
Average daily gain (ADG) was calculated for the period from day 0 to day 14. Differences in ADG between treatments were explored via linear regression. Individual variables were screened via bivariate associations with ADG, any variable with P ≤ 0.20 was included in the backward stepwise linear regression. Other variables considered in the model as potential confounders or effect modifiers included age (d), primiparous heifer vs. multiparous cow, dam age (yr), chute exit speed (min s −1 ), scrotal infection, and farm/breed. Final variables included in the regression were treatment, scrotal infection, and farm. Calf standing time was determined per day (1200-2359) for the first 5 d of the study (days 0-4). Individual variables were screened via bivariate associations with standing time (min s −1 ), any variable with P ≤ 0.20 was included in the backward stepwise linear regression. A backward stepwise linear regression was used to determine significant variables in relation to standing time, variables included treatment, calf age (d), whether the dam was a primiparous heifer or multiparous cow, dam age (yr), chute exit speed (min s −1 ), scrotal infection, and farm/breed. These other risk factors were included in the final model for treatment if they were significant independent risk factors (P < 0.05) or were important confounders. Interactions were examined between treatment and other variables that remained in the final model and reported if P < 0.05. A mixed linear regression was used to examine the difference in calf standing time among treatment groups, with day, age, and farm/breed as fixed effects, accounting for repeated measures within calf using an autoregressive correlation structure. The residuals from all models were checked for normality using the Shapiro-Wilks and the residuals were graphed against the predicted values to check for homogeneity of variance. Standardized residuals were checked for extreme outliers. Statistical significance was set to a P value of ≤0.05.
Results

Hair cortisol
Raw HCC values from day 0 and day 14 are presented in Table 2 . Results of bivariate analysis of variables in relation to HCC day 0 are presented in Table 3 . There was no significant difference in HCC at day 0 between treatment groups (coefficient = 0.75, 95% CI = −0.24 to 0.39, P = 0.64). However, older calves had higher HCC than younger calves at day 0 (coefficient = 0.09, 95% CI = 0.06-0.12, P < 0.001). On day 14, HCC of the CS calves was 13.8% higher and significantly greater than S calves, calves in the CM treatment tended to have a lower HCC than CS calves but were not different from S (Table 4) . No other variables were found to significantly influence HCC at day 14.
Chute exit speed and chute score Chute exit speed was not correlated with HCC at day 0 (ρ = −0.01, P = 0.929) or day 14 (ρ = 0.09, P = 0.37). There was a significant difference for chute exit speed between farms (z = 5.05, P < 0.001). Calves at site 1 (2.25 ± 1.19 m s −1 , mean ± SE) had slower chute exit speeds than calves located at site 2 (3.75 ± 1.78 m s −1 ).
On day 0 at site 1, calves with low (coefficient = 1.76, 95% CI = 0.63-2.89, P = 0.003) and intermediate (coefficient = 1.60, 95% CI = 0.56-2.64, P = 0.003) chute scores had significantly higher HCC than calves with high chute scores, and there was no significant difference between calves with low and intermediate chute scores (coefficient = 0.16, 95% CI = −0.68 to 1.0, P = 0.70). As had been observed in the analysis of both sites, young calves had significantly higher HCC than older calves (coefficient = −0.10, 95% CI = −0.14 to −0.063, P < 0.001), and there was no significant difference between treatments (coefficient = −0.11, 95% CI = −0.55 to 0.33, P = 0.63). Note: Treatments included surgical castration with saline (CS), surgical castration with meloxicam (CM), and sham castration (S). Calves castrated with saline were administered 5 mL of sterile saline and calves castrated with meloxicam were administered 0.5 mg kg −1 body weight, both saline and meloxicam were administered subcutaneously on the left shoulder at the time of castration. Least-squares means as determined via statistical analysis are presented in Table 4 .
Average daily gain
There was no significant difference in ADG between treatments (Table 5) . Calves with scrotal infection had significantly lower ADG than their cohorts which did not develop scrotal infection following castration (1.25 ± 0.27 vs. 1.40 ± 0.28 kg d −1 , respectively). In addition, there was a significant difference in ADG between farms. Calves at site 1 had significantly lower ADG than calves at site 2 (1.09 ± 0.054 vs. 1.64 ±0.067 kg d
−1
).
Standing time
Calves in the CM group tended to stand more than S calves (Fig. 1 ). There were no other differences between treatments. There was no significant interaction of treatment by day on standing time (P = 0.90). Standing time across all treatment groups differed significantly between days 0 and 4 (Fig. 1) . Older calves spent significantly more time standing than younger calves. Calves located at site 2 stood significantly more than calves located at site 1.
Discussion
Castration is known to be a painful and acute stressor (Stafford et al. 2002; Brown et al. 2015) , and has been used as an applicable model of stress to better understand the cortisol response to acute stress (Earley and Crowe 2002) . Following surgical castration of bull calves behavioural pain measures remain elevated for up to 3 d (Olson et al. 2016) ; however, the full duration of time pain persists following castration is unknown. By utilizing HCC, it may detect HPA activity due to pain which is not detectable by behavioural or short-term physiological measures of stress. Following surgical castration in cattle, physiological responses such as elevated plasma cortisol (Stafford et al. 2002; Coetzee et al. 2007; Petherick et al. 2014) , increased heart rate, and increased eye temperature compared with controls (Stewart et al. 2010 ) are indicators of stress in response to the procedure (Coetzee 2013) . When cortisol levels rise in the bloodstream, they are subsequently deposited into hair in the active growth phase (Harkey 1993; Pragst and Balikova 2006) via passive diffusion from capillaries surrounding the hair follicle (Henderson 1993; Cone 1996) . On day 14, HCC was significantly higher in CS than S calves and tended to be higher than CM calves, whereas the HCC from CM calves did not differ from S calves. Higher HCC in CS calves compared with S calves on day 14 is indicative of greater HPA axis activity in CS calves during the 2 wk period of the study. It is likely that higher HCC in CS calves was due to the Note: Treatments included surgical castration with saline (CS), surgical castration with meloxicam (CM), and sham castration (S). Calves castrated with saline were administered 5 mL of sterile saline and calves castrated with meloxicam were administered 0.5 mg kg −1 body weight, both saline and meloxicam were administered subcutaneously on the left shoulder at the time of castration. Final mixed model linear regression included treatment and significant variables as determined by backward stepwise linear regression. Farm/breed was included as a random effect on days 0 and 14. Hair cortisol day 0 was included as a covariate to account for any additional variation (coefficient = 0.039, 95% CI = −0.038 to 0.12, P = 0.32).
pain from castration because S calves were handled in an identical manner but not castrated. The difference in HCC between treatments suggests that HCC is able to detect HPA activity that occurred following castration and that likely extended in the hours and days post castration. González-de-la-Vara et al. (2011) found that HCC in dairy cows increases following two injections of ACTH, it was not studied whether HCC increased following a single injection. This implies that an increase in HCC can be documented following two bouts of increased HPA activity. Serum cortisol is higher in surgically castrated bull calves for hours following the procedure (Stafford and Mellor 2005; Olson et al. 2016) which is likely documented in the hair shaft as demonstrated in this study. Cortisol release is pulsatile with a periodicity lasting approximately 90 min (Mormède et al. 2007) . If serum cortisol is higher in the hours following castration, it may have remained consistently high or cycled multiple times, either may be enough to incorporate a detectable difference of cortisol in the hair shaft.
Pain-induced stress caused by surgical castration can be reduced through the application of local anesthetics, analgesics, or a combination of both (Earley and Crowe 2002; Stafford et al. 2002; Ting et al. 2003) . Castration pain has been shown to be alleviated by NSAIDs which effectively reduce the area under the cortisol curve by 29% (Coetzee 2013) , likely due to analgesic and antiinflammatory effects that continue post castration (Coetzee 2013; Roberts et al. 2015) . Meloxicam is a longacting NSAID which is affordable and easy to administer, making it practical for on-farm use (Coetzee 2011) . When oral meloxicam was administered to 4-5 mo old dairy bulls prior to surgical and band castration, physiological and behavioural responses to pain were decreased for up to 72 h compared with controls (Olson et al. 2016) . In this experiment, HCC tended to be lower in CM than CS calves, suggesting that meloxicam reduced stress post castration. Interestingly, HCC in CM calves was not different from S, suggesting that the cortisol response in CM calves was more similar to that of S than CS calves. The differences observed between CS and CM calves, but not CM and S, are likely due to the administration of subcutaneous meloxicam at the time of surgical castration and the subsequent pain relief. These results also indicate animals as young as 1-3 mo of age benefit from receiving meloxicam at the time of surgical castration.
Castration-specific pain can be characterized by postural and behavioural changes in calves as a response to reduce stimulation of the painful area (Prunier et al. 2012) . Physical and overt behavioural measures are sometimes considered to be more reliable signs of pain than Note: Treatments included surgical castration with saline (CS), surgical castration with meloxicam (CM), and sham castration (S). The presence of scrotal infections was checked on day 14 following surgical castration.
Fig. 1. Standing time (min d
−1 ) was assessed using accelerometers from day 0 (day of castration) to day 4 of the study per treatment (CS = castration with saline, CM = castration with meloxicam, S = sham castration). There was no significant difference between treatments (P = 0.13). CM calves tended to stand more than S (coefficient = 36.7, 95% CI = −0.35 to 73.8, P = 0.052), there was no difference between CM and CS (coefficient = 8.7, 95% CI = −26.9 to 44.3, P = 0.63) or CS and S (coefficient = 28.0, 95% CI = −8.6 to 64.6, P = 0.13). Values with different letters a, b, c, d, and e denote a significant difference (P < 0.01) for standing time per day. Farm/breed (coefficient = 72.3, 95% CI = 42.6-102.1, P < 0.001) and age (d) (coefficient = 2.0, 95% CI = 0.43-3.55, P = 0.012) were included in the repeated measures model as fixed effects. biochemical measures (Millman 2013) because they are specific to painful stimuli which are not always detectable by biochemical measures. The number of steps taken by calves as well as their stride length decreases following castration in calves castrated without pain medication (Currah et al. 2009 ). In addition, abnormal postures, including statue standing, increase following castration to decrease the stimulation of the injured site (Molony et al. 1995) and standing time can be measured using accelerometers (White et al. 2008; Brown et al. 2015) . Thus, accelerometers were used in this study to determine lying and standing time as a behavioural measure of postcastration pain (Brown et al. 2015) .
Standing time tended to be higher in CM than S calves following castration; however, no additional differences were detectable. The tendency for CM calves to stand more compared with S could be due to increased pain following castration, if calves were attempting to reduce stimulation of the injured area. Unfortunately, there is no additional data provided by the accelerometers other than standing and lying time; thus, activities performed by calves would be merely speculative.
As the age of calves increased, standing time also increased following castration perhaps because older animals experience more pain following castration than younger calves (Robertson et al. 1994; Ting et al. 2005 ). In addition, there is a large amount of individual variation between animals, which needs to be considered when analyzing standing time (White et al. 2008) . It is important to consider that standing time, as collected via accelerometers is a crude measure of pain, and it does not provide a large amount of detail about performed behaviours. Behavioural changes such as abnormal postures (Molony et al. 1995; Ting et al. 2003) , crouching and statue standing, (Webster et al. 2013 ) and increased tail wagging following castration (Robertson et al. 1994) appear to be more sensitive and specific measures of pain than total standing and lying time.
Cortisol measured in the hair shaft is directly related to the systemic unbound cortisol although hair is in the active growth phase (Macbeth et al. 2010) . In this study, HCC appears to be a promising tool to measure longterm stress in beef calves following castration; however, a number of variables impact HCC and need to be considered. Fetal cortisol is essential for fetal organ development and inducing parturition (Flint et al. 1979; Mastorakos and Illias 2003) . Older calves had lower HCC than younger calves on day 0. As calves age and are further from gestation and parturition, lower HCC may be caused by the dilution of cortisol in the hair shaft from hair growth without additional stressors (González-dela-Vara et al. 2011; Meyer and Novak 2012) . Cortisol observed within the hair shaft is cumulative, and values are subject to dilution caused by hair growth. Therefore, when using HCC as a measure of stress, it is important to keep age of the subjects in mind.
In the future, to assess baseline HCC more accurately, it may be beneficial to shave an area several weeks before obtaining the initial baseline sample, allowing time for sufficient regrowth to collect a new sample. This would remove the animals' HCC history up to the point of the study allowing for a better starting point. Stressors that may have occurred prior to a study, such as weather extremes or illness, are generally unknown and cannot be controlled for when determining baseline HCC. By shaving an area, days, or weeks prior to the start of a trial and collecting regrowth following a treatment, it would allow the regrowth to be compared with baseline samples in a more precise manner. In addition, because hair growth was initiated at the time of collection and coincided with the timing of castration, the most acute rise in cortisol at the time of castration may not have been captured if hair was not in the active growth state (Davenport et al. 2006 ). Although we are confident that shaving prior to castration did stimulate hair growth and sufficient time had elapsed for us to collect hair with HCC that related to our treatments, a weakness of measuring HCC in the entire hair shaft is that it includes sections of hair which grow prior to and following the stressor that may dilute the concentration of cortisol in the hair shaft pertaining to the stressor in question. This could be avoided if appropriate time was taken to ensure this particular length of hair that existed prior to and follow the stressor was identified and removed during hair processing. In this particular experiment, this was unavoidable. Future studies may wish to monitor hair growth in greater detail to identify and remove unwanted segments of hair to avoid possible dilution of HCC. The dilution of HCC due to additional hair growth which occurs outside of the occurrence of the particular stressor in question is indeed an important factor to consider when measuring HCC.
There were no differences in ADG between treatments. Production parameters such as weight gain may also be too crude a measure to quantify pain experienced by animals (Stafford and Mellor 2005) . This is especially true in young animals at a time of high growth in which a stressor would have to be very severe to depress weight gain. However, there were differences in ADG between farm location/breed and between calves with and without scrotal infection following castration. Calves located at site 2 had higher ADG than calves at site 1. The difference in ADG may be due to a variety of variables such as breed, management, environment, and type of forage consumed. Calves with scrotal infection at day 14 had lower mean ADG than their healthy cohorts. Illness caused by scrotal infection is potentially a long or severe enough stressor that production is decreased, and a difference in ADG is observable as has been reported in other studies where sickness negatively affects weight gain (Coetzee et al. 2012) .
Chute exit speed recorded for calves at the start of the trials had no relationship to HCC at day 0 sampling. However, exit speed of the calves at the two sites did vary, with calves at site 1 having a slower mean exit speed than calves at site 2. Farm differences in chute exit speed could be due to breed difference, timing of measurement (pre or post castration), previous experiences of the calves, facility design, or a number of differences between the two sites. Calves with more excitable temperaments, within a group, have been found to have faster chute exit speeds and a lower ADG (Petherick et al. 2002) . Unfortunately, the timing of chute exit speed measurements that were recorded at the two farms differed, in that chute exit speed at site 1 was recorded pre castration, and at site 2, chute exit speed was measured post castration. Therefore, the difference we observed in chute exit speeds between the two farms could have been due to multiple factors and not solely due to differences in animal temperament. ALthough the conditions for measuring exit speed was not identical at the two locations and the relationship of chute exit speed to HCC is not clear from our results, future studies should aim to investigate the role of temperament via chute exit speed to HCC in cattle.
Exploring the relationship between chute score and HCC revealed that animals with low and intermediate chute scores had significantly higher HCC compared with animals with high chute scores. This was an unexpected result, because the previous studies found animals with higher temperament scores, as measured by pen score and chute exit velocity, also had higher circulating cortisol (Curley 2004; King et al. 2006; Curley et al. 2008) . When analyzing temperament, both Curley (2004) and King et al. (2006) found that chute score did not relate to serum cortisol concentration. This suggests that chute score may be a poorer method for differentiating animal temperament compared with chute exit velocity and pen score (King et al. 2006 ). However, the previous studies measured cortisol in serum King et al. 2006 ) and plasma (Curley et al. 2008) , both providing a measure of cortisol at the immediate time of sampling. Comparatively, HCC reflects an accumulation of cortisol over time. It is possible that repeated collection of plasma cortisol may not provide a true representation of baseline cortisol in beef cattle due to increased cortisol concentration in response to handling stress (Curley et al. 2008 ). However, HCC should reflect circulating cortisol without the disturbance of handling. Chute score is a subjective measure and thus will vary with the observer (Burdick et al. 2011) . Consequently, there may be a high degree of variability between studies. Certainly, the possibility of a relationship between temperament and HCC deserves further investigation.
Conclusion
The HCC measured in calves following castration responded in a predictable manner, with higher HCC in CS than CM and S calves. Treatment differences at day 14 were detectable using HCC in beef cattle, suggesting that HCC measurements may be a potential tool for investigating long-term stress. Age impacted HCC and this effect needs to be considered in further studies using hair cortisol as a measure of stress. When performing HCC analysis in the future, it is important to consider the potential confounding variables. Significantly higher HCC in CS than CM calves indicates that meloxicam administered at the time of castration may reduce postcastration stress in animals as young as 1-3 mo of age.
